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= necessary but not sufficient
A clinical definition
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Do you think patients in a ... 














Demertzi et al, Prog Brain Res 2009
Demertzi & Racine et al, Neuroethics 2012
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Do they feel pain?
Laureys et al., Neuroimage 2002
Healthy controls        UWS patients
Unresponsive wakefulness syndrome
Boly et al, Lancet Neurol 2008








N o r t h
S o u t h
C e n t r a l
• VS worse than death for the patient: 55%
• VS worse than death for their families: 80%
• MCS worse than VS for the patient: 54% 
• MCS worse than VS for their families: 42%
Demertzi et al, J Neurol 2011
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Behaviour
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Terry Schiavo °1963, 
vegetative 1990, † 2005 USA
Behavioural signs of C
































Awareness ? = response to command or non-reflex movements
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Behavioral diagnosis: gold 
standard?
Schnakers et al, Ann Neurol 2006; BMC Neurol 2009
n=103 post-comatose patients
45 Clinical diagnosis of VS
18 Coma Recovery Scale MCS
40% misdiagnosed
Standardized assessment PET Neuroimaging
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Gold standard?
Stender & Gosseries et al, 
Lancet 2014
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Neuroimaging: command following
Owen, Coleman, Boly, Davis, Laureys & Pickard, Science 2006
Monti & Vanhaudenhuyse et al, New Eng J Med, 2010
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Neuroimaging: communication
Noirhomme et al NeuroImage 2015
Lesenfants, Habbal et al J Neural Engineering 2014 
Cruse et al Lancet, 2011, also see Goldfine et al, Lancet, 2013
SCIENCE GROUP
COMA
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Electrophysiology paradigms
Einhauser, Chatelle et al, Current Biology, 2013
Pupil-based
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Jox, Bernat, Laureys, Racine, Lancet Neurology 2012
Balancing costs-benefits
Results of Tests Beneficial Effects Harmful Effects
- brain activity than 
neurological examination
Relatives: decisions to limit life-
sustaining treatment
Relatives: may lose hope, 
purpose, and meaning in life
+ brain activity than
neurological examination
Clinical management: may be 
intensified by the chance of 
further recovery
Relatives: false hopes 
Same as neurological 
examination
Clinicians & relatives: may be 
affirmed in their decision about 
the level of treatment
Clinicians & relatives: may 
be disappointed & treatment 
cost/effectiveness
may be poor
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Benefit for patients?




Nizzi & Demertzi et al, Conscious & Cogn 2012  
72%
28%
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Third vs. first-person perspective
n=65 LIS patients
time in LIS: 1-28 yrs
58% : no resuscitatation
7%: euthanasia wishes
Bruno et al, Br Med J Open 2011
Conclusions
• Communication is essential to evidence awareness
• Patients can reveal their awareness with brain-computer 
interfaces
• Communicating patients can rate their QoL
• So far, these work as proof of concepts
What is needed to get standardized and legally valid?
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